Objective: To evaluate the safety and clinical outcomes of chemoembolization in Child-Pugh class C patients with hepatocellular carcinomas (HCC).
INTRODUCTION
Hepatocellular carcinoma (HCC) patients with Child-Pugh class C disease are treated with supportive care according to the Barcelona clinic liver cancer (BCLC) staging system (1) or by liver transplantation in cases of limited tumor burden (2) . Given the shortage of donors, liver transplantation cannot be performed in all patients with Child-Pugh class C disease. Although chemoembolization has a survival benefit over conservative management (3, 4) , Child-Pugh class C is one of the contraindications for chemoembolization (5) . According to the guidelines of the Japan Society of Korean J Radiol 16 (6) , Nov/Dec 2015 kjronline.org and a limited tumor burden within the Milan criteria (10) . If liver transplantation was not feasible, the treatment strategy (chemoembolization and supportive care) was determined for each patient based on the attending physician's recommendations and the patient's choice. Patients made their choice based on the physician's advice that chemoembolization could delay tumor progression but that it could also increase the risk of hepatic failure. Patients who feared hepatic failure received supportive care.
Chemoembolization
All patients underwent contrast-enhanced computed tomography (CT) and/or magnetic resonance imaging (MRI) within 40 days before the chemoembolization procedure. The methods and techniques of chemoembolization at our institution are summarized as follows: First, arteriography of the celiac and superior mesenteric arteries was performed with a 5-Fr angiographic catheter (RH catheter; Cook, Bloomington, IN, USA) to evaluate the anatomical variation of the hepatic arteries, the location and extent of the HCC, and the tumor-feeding arteries. Selective chemoembolization of the subsegmental hepatic artery was initially considered and performed in all technically feasible cases to minimize procedure-related complications such as hepatic function deterioration. After the microcatheter with a 2.0-Fr tip (Progreat; Terumo, Tokyo, Japan) or a 2.4-Fr tip (Microferret-18; Cook) was advanced into the most distal branches of the tumor-feeding artery that were technically accessible, an emulsion of iodized oil (Lipiodol; Laboratoire Andre Guerbet, Aulnay-sous-Bois, France) mixed with doxorubicin hydrochloride (Adriamycin RDF; Ildong, Seoul, Korea) was infused via the microcatheter until a decrease in the blood flow to the tumor was observed (Fig.  1) . The mean dose of doxorubicin hydrochloride was 26.0 ± 12.1 mg, and the median dose was 30 mg. Additional embolization was performed with 1 mm-sized absorbable gelatin sponge particles (Gelform; Upjohn, Kalamanzoo, MI, USA or Cutanplast; Mascia Brunelli, Milan, Italy) to maximize the therapeutic effect of the chemoembolization.
Follow-up contrast-enhanced CT or MRI examinations were performed at intervals of two to three months thereafter. When a recurrent or residual tumor was identified on CT or MRI, chemoembolization was repeated in the same manner. All patients regularly visited the outpatient clinic of the attending physician (hepatologist) at intervals of two to four weeks, and treatment triage was performed by the attending physician.
Hepatology, subsegmental chemoembolization can be performed as a compassionate treatment in Child-Pugh class C cases when hepatic encephalopathy and intractable ascites are absent and the serum bilirubin level is less than 3 mg/dL (6) .
With advancements in microcatheter technology, selective chemoembolization has been adapted by many interventional radiologists, resulting in excellent clinical outcomes and fewer complications (7, 8) . In actual clinical practice, chemoembolization can occasionally be considered even in patients with Child-Pugh class C according to the patient's individual clinical situation, including the tumor burden, need for local control, and availability of liver transplantation. However, to the best of our knowledge, there has been no report on the safety and clinical outcomes of chemoembolization in patients with decreased liver function classified as Child-Pugh class C. The aim of this study was to evaluate the safety and clinical outcomes of chemoembolization in Child-Pugh class C patients with HCC.
MATERIALS AND METHODS

Patients
This study was approved by the Institutional Review Board of our institute, and the requirement for informed patient consent was waived because of its retrospective design.
From January 2003 to December 2012, 5264 HCC patients received initial chemoembolization at our institute according to the chemoembolization database. The inclusion criteria were as follows: 1) patients with underlying liver cirrhosis and decreased hepatic function categorized as Child-Pugh class C; 2) HCC diagnosed either by pathology or by non-invasive imaging modalities according to American Association for the Study of Liver Diseases practice guidelines (9); and 3) no medical history of previous chemoembolization. The exclusion criteria were as follows: 1) previous therapy, such as percutaneous alcohol injection, radiofrequency ablation, or surgical resection; 2) patients with ruptured HCC; 3) concomitant malignant tumors in addition to HCC; or 4) an aborted chemoembolization procedure caused by a severe arterioportal shunt. Fifty-five patients (46 men and 9 women; mean age, 54 years; range, 34-77 years) with Child-Pugh class C were included in this retrospective study.
Liver transplantation was recommended as the first treatment in all patients with Child-Pugh class C disease Korean J Radiol 16(6), Nov/Dec 2015 kjronline.org
Baseline Data Collection
The patients' medical records were reviewed, and the following clinical information and laboratory parameters before chemoembolization procedure were obtained by two authors: age, sex; etiology of HCC; Eastern Cooperative Oncology Group (ECOG) performance status; Child-Pugh score; Model for End-Stage Liver Disease (MELD) score; and laboratory data, including albumin, bilirubin, the international normalized ratio (INR), creatinine, alphafetoprotein (AFP), aspartate aminotransferase (AST), and alanine aminotransferase (ALT). All baseline laboratory parameters were recorded from the tests that were performed closest to the chemoembolization procedure and graded using National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 (11) .
The patients' American Joint Committee on Cancer (AJCC)/ Union for International Cancer Control (UICC) staging, Okuda staging, and Cancer of the Liver Italian Program (CLIP) scores were also determined from the clinical and laboratory data and from analysis of the pre-procedural contrastenhanced CT or MRI. The two radiologists analyzed the CT or MRI images and reached a consensus about the extent of the tumor and the presence of portal vein thrombosis (PVT), which is required to determine AJCC staging, Okuda staging, and CLIP score. In addition, two reviewers determined whether a given patient's tumor burden was within the Milan criteria.
Safety
The patients' follow-up medical records after the chemoembolization procedure were reviewed, and their laboratory data were analyzed by two authors. All adverse events and mortalities that occurred within one month after the chemoembolization were recorded. However, clinical symptoms and signs of postembolization syndrome were not analyzed in this study because of its subjective nature kjronline.org and self-limited clinical course (12) . Abnormal laboratory test results after the chemoembolization were recorded and graded according to the CTCAE. Because laboratory test results are commonly abnormal in Child-Pugh class C patients, the severity of chemoembolization-related adverse effects on laboratory parameters was evaluated by comparing the CTCAE grade of the laboratory abnormalities after chemoembolization with the grade at baseline.
To evaluate and determine risk factors for chemoembolization-related complications, demographic data including age and sex, performance status, Child-Pugh score, tumor staging (AJCC/UICC staging, Okuda staging, CLIP score and MELD score), presence of PVT and laboratory parameters (albumin, bilirubin, and the INR) of the patients who developed major complications were compared with those of the remaining patients.
In addition, the duration of hospitalization for all patients after chemoembolization was recorded, and the cause of extended hospitalization was assessed for patients who were hospitalized for more than seven days after the procedure.
Treatment Response
In patients who underwent follow-up contrast-enhanced CT or MRI after chemoembolization, two radiologists evaluated the tumor response to chemoembolization and reached a consensus using the modified Response Evaluation Criteria In Solid Tumors (13) .
Survival
Survival analysis was performed, and survival curves were calculated from the time of the chemoembolization procedure in all patients. Patient follow-up ended when any of the following criteria was met: 1) death of the patient, 2) liver transplantation, or 3) the end of the study, which was 31 August 2014. If a patient underwent transplantation, the follow-up data were censored on the date of the operation. The survival information, including the date of the patient's death and liver transplantation, was obtained by reviewing our institution's medical records. In addition, we contacted the Resident Service Division of the Ministry of Public Administration and Security for survival information on the patients who were lost to follow-up at our institution.
Statistical Analysis
Differences between the patients who developed major complications and those who did not were evaluated by a Fisher's exact test, a Student's t test, or a Mann-Whitney U test. In addition, variables of the patients who developed major or minor complications were compared with those who had no adverse events using identical statistical methods. The overall median survival times and survival curves were calculated with the Kaplan-Meier method, and subgroup comparisons were performed using a logrank test. In addition, a Cox proportional hazards model was used for multivariate analysis. The tumor response to chemoembolization between subgroups was compared using a Mann-Whitney U test. All statistical analyses were performed with SPSS version 19.0 software (SPSS Inc., Chicago, IL, USA), and a p value less than 0.05 was considered statistically significant in all of the analyses.
RESULTS
Patients and Baseline Characteristics
The demographic data and baseline laboratory parameters of the 55 patients are summarized in Table 1 . Thirty (54.5%) patients were within the Milan criteria, and 25 (45.5%) were beyond them.
Morbidity and Mortality
Mortality at 30 days was 5.5% (3/55), two deaths from acute hepatic failure and one from disease progression. Of these three patients, two expired at the hospital.
Major complications were observed in five (9.1%) patients. Two of these developed hepatic failure and expired, one patient developed hepatic encephalopathy, and two patients had a CTCAE grade 3 increase in AST/ALT abnormalities. Twenty-eight (50.9%) patients showed only a CTCAE grade 1 or 2 increase in laboratory test parameters, and there were no complications in the remaining 22 (40.0%) patients. The gradients in the CTCAE grade in the laboratory parameters from baseline of all patients after the chemoembolization procedure are presented in Table 2 .
All of the patients (5/5) who developed major complications after chemoembolization had tumor burden beyond the Milan criteria, whereas only 40.0% (20/50) of those without complications or with minor complications had tumor burden beyond the Milan criteria (p = 0.015). In addition, the patients with major complications had significantly higher T-staging (p = 0.031) and higher CLIP scores (p = 0.007) compared with those without complications or with minor complications. However, the characteristics of the patients who developed major or minor complications were not significantly different from kjronline.org those of the patients who had no adverse events.
Duration of Hospitalization
The mean length of hospitalization was 6.3 ± 8.3 days (standard deviation), and the median length was three days (range 1-41 days). Eighteen (32.7%) patients were discharged on the next day after chemoembolization without complications. Thirteen (23.6%) patients were hospitalized for more than seven days after chemoembolization. The causes of extended hospitalization were as follows: one patient developed hepatic failure and expired; one developed hepatic encephalopathy; one was treated for obstructive jaundice caused by bile duct invasion of the tumor; three received management for preexisting intractable ascites or pleural effusions; four received supportive care for postembolization syndrome; one was treated for septic arthritis; one received conservative management for neutropenia of unknown cause; and one underwent a transplantation work-up.
Tumor Response
Follow-up contrast-enhanced CT or MRI was obtained in 43 patients, and the time interval between chemoembolization and CT/MRI ranged from 17 to 110 days (mean, 69 days; median 77 days). Of these 43 patients, 19 (44.2%) showed complete responses to the chemoembolization, 10 (23.3%) showed partial responses, 9 (20.1%) remained stable, and 5 (11.6%) progressed. The tumor responses of the patients who met the Milan criteria were significantly higher (p = 0.014) than those of the patients who did not. Complete responses were achieved in 57.1% (16/28) of patients in whom the tumor burden was within the Milan criteria (Table 3) .
Survival
At the end of the study, which was 31 August 2014, 22% (11/55) of all patients were alive. The overall median survival of all patients after chemoembolization was 7.1 months (95% confidence interval: 4.4-9.8 months). Table 4 displays the results of the univariate analysis, which showed that the following baseline characteristics were associated with significantly higher survival rates: ECOG performance status of 1 or less, AJCC T stage 1, CLIP score of 3 or less, tumor burden within the Milan criteria, absence of PVT, low serum AFP (≤ 400 ng/mL) and AST (≤ 80 IU/L) levels, and the presence of objective tumor response (complete or partial response) (Fig. 2) . In addition, the multivariate analysis identified four independent predictive factors for a shorter survival time: ECOG performance status > 1, tumor burden that exceeded the Milan criteria, serum AST > 80 IU/L, and the absence of objective tumor response (Table 5) .
Liver Transplantation
The follow-up data revealed that seven (12.7%) of 55 
DISCUSSION
Chemoembolization is commonly used for patients with unresectable HCC and has been shown to improve patients' kjronline.org survival compared with best supportive care (3) (4) (5) . Although a consensus has not yet been reached, the best candidates for chemoembolization appear to be asymptomatic patients with preserved liver function and without vascular invasion or extrahepatic tumor metastasis (5) . In fact, the benefits of chemoembolization should not be offset by treatmentinduced liver damage. Thus, to minimize the injury to normal liver parenchyma, chemoembolization should be performed by selective catheterization of the hepatic segmental or subsegmental arteries feeding the tumor.
In this study, the overall incidence of chemoembolizationrelated major complications in Child-Pugh class C patients was 9.1%, which is within the acceptable threshold (15%) suggested by the Quality Improvement Guidelines for (14) . The results of our study also showed that the patients with major complications were more likely to be those whose tumor burden exceeded the Milan criteria (p = 0.015) and who had significantly higher CLIP scores (p = 0.003) compared with those without complications or with minor complications. Consequently, each patient's tumor burden appeared to be closely related to the development of major complications after chemoembolization. The results of our study are in good agreement with those of previous studies of high-risk patient groups, although a large portion of the subjects in those studies were Child-Pugh class B patients (15, 16) .
According to BCLC guidelines, if a liver transplantation is not indicated, there are no available treatment options, including surgical resection, radiofrequency ablation, or chemoembolization, for Child-Pugh class C patients because of their poor natural clinical courses caused by severely compromised hepatic function and concerns about treatment-related toxicity (1). However, there has been a wide discrepancy between the number of available donor organs and the waiting list of transplantation candidates, which has consequently led to long waiting periods for transplantation. In this context, a previous study by Dhanasekaran et al. (17) demonstrated a role for chemoembolization as a "bridging therapy" to control and maintain tumor burden within the Milan criteria during that waiting period in Child-Pugh class A and B candidates. In addition, our study also showed that the patients whose tumor burden was within the Milan criteria had significantly lower and relatively acceptable incidence of major chemoembolization-related complications and a higher tumor response rate to chemoembolization compared with those with a large tumor burden. Therefore, we suggest that even in patients with decreased liver function classified as Child-Pugh class C, in selected cases with small tumor burden within the Milan criteria, chemoembolization can be considered and performed safely as a bridging therapy before transplantation. Among the subjects in this study, seven later underwent a liver transplantation after chemoembolization.
We speculate that this selective technique, which was used in all technically feasible cases, may have played a key role in minimizing non-tumorous liver parenchymal damage and consequent hepatic function deterioration. Although a previous study by Caturelli et al. (18) showed that chemoembolization performed in proper or main hepatic arteries does not induce significant long-term deterioration of hepatic function in patients with Child-Pugh class A and B cirrhosis, this result cannot be consistently applied to Child-Pugh class C patients whose liver function is severely compromised. Reports have shown the effects of chemoembolization on non-tumorous liver parenchyma that led to immediate worsening of liver function (19, 20) . Furthermore, Miyayama et al. (21) evaluated histopathological findings after chemoembolization and demonstrated that chemoembolization, if properly performed, induces peritumoral parenchymal necrosis as well as complete tumor necrosis. Therefore, to lower the incidence of procedure-related complications, it is essential to catheterize the most distal branches of the hepatic artery with a microcatheter to minimize the embolized area. Recently, there have been great advances in flat-panel detector and cone-beam CT technology, which are useful for detecting distal branches of hepatic arteries and small tumor-feeding arteries (22) (23) (24) . Therefore, the discrepancy between the results of our study and those of the previous literature that showed an extremely high incidence of chemoembolization-related morbidity and mortality in patients with Child-Pugh class C cirrhosis may partly be explained by the differences in chemoembolization methods and techniques (25) . Recently, Kothary et al. (15) reported the safety and clinical outcomes of chemoembolization of all procedures) and reported that 30-day mortality was 7.7% and that the morbidity rate was 10.8%, which are similar to the results of our study. In addition, they reported that the mortality of patients who underwent lobar chemoembolization was significantly higher than that of patients who were treated with the selective technique. Our study has a number of limitations. First, because this was a retrospective study with a relatively small number of patients, there may have been a selection bias. Second, the intervals between the chemoembolization procedure and follow-up laboratory tests, as well as the imaging studies, could not be controlled uniformly owing to the study's retrospective nature. Third, this study did not have a matched control group, and we compared and discussed the results of our study with those of the previous literature. Therefore, additional matched randomized studies with a large study population will be required to confirm our results and speculations.
In conclusion, even in patients with decreased liver function classified as Child-Pugh class C, chemoembolization can be performed safely in selected cases with a small tumor burden.
